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(54) Device and method for controlling tilt servo 

(57) A tilt servo control device of an apparatus for 
recording information on and reproducing information 
from an optical recording medium, the apparatus com- 
prising an optical system for leading a laser beam emit- 
ted from a light source to a recording surface of the op- 
tical recording medium and a laser beam reflected by 
the recording surface of the recording medium to a split 
type photo detector and read signal generating means 
for generating a read signal in accordance with an out- 



put signal of the photo detector. The tilt servo control 
device generates a push-pull component signal includ- 
ing a differential component of output signals of respec- 
tive split portions of the photo detector, generates a tilt 
error signal representing a tilt angle at a position of the 
laser beam irradiating the recording surface and an op- 
tical axis of the laser beam based on the push-pull com- 
ponent signal, and drives tilt angle adjusting means for 
adjusting the tilt angle so as to reduce the tilt error signal. 
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Description 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 



[0001] The present invention relates to a tilt servo 
control device and a tilt servo control method for com- 
pensating the tilt angle of a recording surface of an op- 
tical recording medium as defined by the angle between 
the normal to the recording surface of the recording me- 
dium and the optical axis of a light beam irradiating the 
recording surface. 

2. Description of the Related Background Art 

[0002] In order to correctly read information recorded 
on an optical disk such as a DVD (Digital Versatile Disk), 
it is necessary to irradiate a reading light beam perpen- 
dicularly relative to a recording surface of the optical 
disk. If the optical disk has a warp, or errors in the me- 
chanical system are large, it is impossible to irradiate 
the reading light beam perpendicular to the recording 
surface of the optical disk, thereby deteriorating reading 
accuracy for the recorded information. 
l uuwj j ■" view vi mi* pi uuiei i )( im orrnatiGn reproduc- 
ing apparatus for reproducing information recorded on 
an optical disk are normally provided with a tilt servo 
control device for detecting the tilt between a pickup as 
information reading means of the apparatus and the op- 
tical disk and compensate the tilt by adjusting the direc- 
tion of the pickup in accordance with the detected tilt or 
by providing a signal read out by the pickup with a tilt 
correcting process corresponding to the detected tilt, so 
as to suppress the deterioration in the information read- 
ing accuracy. 

[0004] Further, in order to compensate the tilt, a tilt 
servo control device provided with a liquid crystal panel 
inserted into the optical axis is known (For example, 
Japanese Patent Laid-Open Publication No. Hei. 
11-3531). In the case of the device, the liquid crystal 
panel is divided into a plurality of regions, and a phase 
difference is provided to a light beam passing through 
each of the regions of the liquid crystal panel so as to 
maximize the level of a signal (RF signal) read out from 
a recording medium by a pickup. 

[0005] In the case of a writable optical disk such as a 
DVD-R, a DVD-RW and a DVD-RAM, when no informa- 
tion is written in the writable optical disk, no signal can 
be read from the unwritten optical disk. Therefore, there 
is a problem in that it is not possible to properly perform 
the tilt servo control device for the unwritten optical disk. 

SUMMARY OF THE INVENTION 

[0006] It is therefore an object of the present invention 
to provide a tilt servo control device and a tilt servo con- 
trol method that can properly perform tilt servo control 
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for an optical recording medium into which any informa- 
tion is not written yet. 

[0007] The present invention provides a tilt servo con- 
trol device of an information recording/reproducing ap- 
paratus for recording information on and reproducing in- 
formation from an optical recording medium set into the 
apparatus, the apparatus comprising an optical system 
for leading a laser beam emitted from a light source to 
a recording surface of the optical recording medium and 
a laser beam reflected by the recording surface of the 
recording medium to a split type photo detector and read 
signal generating means for generating a read signal in 
accordance with an output signal of the photo detector. 
The device comprises recording medium type determin- 
ing means for determining a type of the optical recording 
medium, tilt drive signal generating means for generat- 
ing a tilt drive signal so as to reduce a tilt angle between 
a normal to the recording surface of the optical recording 
medium at a position of the laser beam irradiating the 
recording surface and an optical axis of the laser beam 
by a method for generating a tilt drive signal correspond- 
ing to the type determined by the recording medium type 
determining means, tilt angle adjusting means for ad- 
justing the tilt angle, and drive means for driving the tilt 
angle adjusting means in accordance with the tilt drive 
Signal. 

[0008] The present invention provides a tilt servo con- 
trol method of an information recording/reproducing ap- 
paratus for recording information on and reproducing in- 
formation from an optical recording medium, the appa- 
ratus comprising an optical system for leading a laser 
beam emitted from a light source to a recording surface 
of the optical recording medium and a laser beam re- 
flected by the recording surface of the recording medium 
to a split type photo detector and read signal generating 
means for generating a read signal in accordance with 
an output signal of the photo detector. The method com- 
prises the steps of generating a push-pull component 
signal including a differential component of output sig- 
nals of respective split portions of the photo detector, 
generating a tilt error signal representing a tilt angle be- 
tween a normal to the recording surface of the optical 
recording medium at a position of the laser beam irradi- 
ating the recording surface and an optical axis of the 
laser beam based on the push-pull component signal, 
and driving tilt angle adjusting means for adjusting the 
tilt angle so as to reduce the tilt error signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 

Fig. 1 is a block diagram of a disk player provided 
with a tilt servo control device according to the 
present invention. 

Fig. 2 is a schematic diagram illustrating the record- 
ing format of a DVD-RW. 

Fig. 3 is a schematic diagram illustrating the record- 
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ing format of a general purpose DVD-R. 
Fig. 4 is a diagram illustrating a physical structure 
of a recording surface of a DVD-RW or DVD-R. 
Fig. 5 is a graph illustrating the waveform of a 
groove wobble signal including LLP components. 
Fig. 6 is a schematic diagram illustrating recording 
tracks of a DVD-RAM. 

Fig. 7 is an enlarged view of a recording surface of 
the DVD-RAM of Fig. 6. 

Fig. 8 is a schematic diagram illustrating the record- 
ing format of the header section of each sector lo- 
cated at a changeover point of the DVD-RAM of Fig. 
6. 

Fig. 9 is a schematic diagram illustrating the record- 
ing format of the header section of each sector with- 
out a changeover point of the DVD-RAM of Fig. 6. 
Fig. 1 0 is a schematic diagram illustrating VFO data 
of a header section and a data section. 
Fig. 11 is a schematic diagram illustrating different 
regions of a liquid crystal panel arranged in a pickup 
of Fig. 1 . 

Fig. 12 is a structural diagram schematically illus- 
trating the optical system of the pickup of Fig. 1 . 
Fig. 13 is a schematic diagram illustrating beam 
spots formed on an optical disk. 
Fig. 14 is a schematic block diagram illustrating a 
circuit including a pickup/ a tracking servo circuit 
and a tilt servo circuit. 

Fig. 15 is a schematic block diagram of a focusing 
servo circuit and a spindle servo circuit. 
Fig. 16 is a schematic block diagram of a tilt servo 
drive system. 

Fig. 1 7 is a flow chart illustrating the operation of a 
disk type discriminating circuit. 
Fig. 1 8 is the remaining portion of the flow chart of 
Fig. 17. 

Fig. 19 is a graph illustrating the S-characteristics 
of a CD type disk and a DVD type disk. 
Fig. 20 is a flow chart of the tilt servo control oper- 
ation of a first tilt servo section for a general purpose 
DVD-R or a DVD-RW. 

Fig . 2 1 is a flow ch art of a tilt servo control operation 
of the first tilt servo section for an authoring purpose 
DVD-R. 

Fig. 22 is a flow chart of an alternative tilt servo con- 
trol operation of the first tilt servo section for an au- 
thoring purpose DVD-R. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Embodiments of the present invention will now 
be described in detail hereinafter with reference to the 
accompanying drawings. 

[0011] Fig. 1 is a schematic block diagram of an opti- 
cal disk player provided with a tilt servo control device 
according to the present invention. In the illustrated op- 
tical disk player, a pickup 1 0 irradiates a laser beam onto 



an optical disk 1 2 and receives a laser beam reflected 
by the optical disk 12. Then, the pickup 10 generates a 
signal corresponding to the intensity of the received la- 
ser beam. The optical disk 12 is driven to rotate by a 

5 motor 14. The optical disk 12 may be a DVD type disk 
such as a DVD-ROM, a DVD-R, a DVD-RAM and a 
DVD-RW or a CD type disk such as a CD-ROM and a 
CD-R. The DVD-RAM has two types, a one-recording- 
layer disk and a two-recording-layer disk. 

10 [0012] Referring to Fig. 2, a DVD-RW has data struc- 
ture including a PCA (power calibration area), an RMA 
(recording management area), a lead-in area, a data ar- 
ea and a lead-out area arranged in the mentioned order 
from the inner periphery to the outer periphery of the 

15 disk. The PCA is an area to be used for a test writing 
operation so as to determine a recording power level of 
the laser beam and the RMA is an area where manage- 
ment information on the current recording operation is 
written. The lead-in area contains an embossed section 

20 comprising phase pits formed on the disk in advance. 
The embossed section stores information on prohibition 
of copying. 

[0013] A DVD-R may be a general purpose disk or an 
authoring purpose disk. Referring to Fig. 3, a general 

25 purpose DVD-R has a data structure including a PCA, 
an RMA, a lead-in area, a data area and a lead-out area 
arranged in the mentioned order from the inner periph- 
ery to the outer periphery of the disk. The lead-in area 
contains in part thereof a pre-write section that is located 

30 at a position exactly corresponding to that of the em- 
bossed section and used to store information just like 
the embossed section. On the other hand, an authoring 
purpose DVD-R does not have any section that corre- 
sponds to the embossed section in Fig. 2 orthe pre-write 

35 section in Fig. 3. 

[0014] Fig. 4 is a schematic perspective partial view 
of the recording surface of DVD-RW or DVD-R, illustrat- 
ing its physical structure. Referring to Fig. 4, the record- 
ing surface is realized by combining a groove wobble 

40 system of wobbled grooves 1 03, formed between lands 
102 on a disk substrate 103, operating as recording 
tracks and land pre-pits (LPPs) 1 04 formed in the lands 
102 to link adjacent grooves 103. Information is record- 
ed only in grooves 103. The recording surface is cov- 

45 ered by a protection layer 1 05 typically made of polycar- 
bonate. The signals obtained by the groove wobble sys- 
tem are mainly used to control the rotation motion of the 
disk during a recording operation and generate record- 
ing master clock for recording operations, whereas the 

so LPPs are used for determining the recording position ac- 
curately on a bit by bit basis and also for obtaining var- 
ious pieces of information on the disk such as pre-ad- 
dresses. For example, as will be described hereinafter, 
the low frequency zone component of the output signal 

55 (push-pull signal) of multiplier 44 is the signal that is ob- 
tained by the groove wobble system (groove wobble sig- 
nal), showing a sinusoidal waveform as illustrated in Fig. 
5. The narrow width pulses produced in parts of the si- 
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nusoldal waveform correspond to LPP components that 
can be detected by comparing the level of the signal with 
a threshold value TH. 

[0015] In the case of a DVD-RAM, helical tracks are 
formed on the disk in a manner as schematically shown 
in Fig. 6. Fig. 7 is an enlarged schematic perspective 
partial view of the recording surface of the DVD-RAM of 
Fig. 6. The tracks are wobbled as shown in Fig. 7. Lands 
131 and grooves 132 are arranged alternately for the 
tracks. Changeover points 1 33 from the lands 1 31 to the 
respective grooves 132 are located on a same radial 
line. Data are recorded on the tracks on a sector by sec- 
tor basis. In other words, a sector provides a unit for 
recording data. Each sector comprises a header section 
and a data section. The header section comprises phys- 
ically embossed pits 134 that are displaced from the 
center line of the track and located near the boundary 
with the adjacent track. The data section stores data in 
the form of phase change pits that are formed by pro- 
ducing changes in the reflectance in the respective ar- 
eas of the surface of the disk hit by a laser beam. More 
specifically, the changes are produced as a result of 
phase changes. The level of the signal read from the 
disk will be affected by the recording principle and the 
recording conditions of the signal. 
[0016] Fig. 8 is a schematic illustration of the record- 



ing format of the header section of a sector located at a 
changeover point 133. Fig. 9 is a schematic illustration 
of the header section of a sector not related to any 
changeover point. Referring to FIGS. 8 and 9, the both 
sectors comprise a header section having four header 
fields, a mirrorsurface section located immediately after 
the header section and a data section having a land or 
groove structure as described above. An embossed pit 
is formed in each of the header fields although not 
shown in FIGS. 8 and 9. The leading two header fields, 
or the first and second header fields, of the four header 
fields of each land sector are displaced radially inwardly 
from the center line of the track (by a half of the track 
pitch), whereas the remaining two header fields, or the 
third and fourth header fields, of the land sector are dis- 
placed radially outwardly from the center line of the track 
(by a half of the track pitch). The four header fields of 
each groove sector are mirror images of the header 
fields of the corresponding land sector. 
[001 7] A fixed data section referred to as VFO (varia- 
ble frequency oscillator) is arranged in each of the head- 
er section and the data section of each sector as shown 
in Fig. 10. The VFO data of each VFO shows a prede- 
termined data pattern of repeated "0s" and "1s" for every 
4T (T representing the bit interval of successive infor- 
mation data). A VFO is arranged at the leading end of 
each of the first through fourth header fields of the head- 
er section in each sector. First VFO data of the first field 
and the third field have a length equal to 576 clocks, 
whereas second VFO data of the second field and the 
fourth field have a length equal to 128 clocks. A VFO 
data having a length equal to 560 clocks is arranged in 



the data section. For instance, a DVD-RAM contains 
these VFO data as part of fixed data without fail. 
[0018] A liquid crystal panel 13 is arranged on the op- 
tical axis of the beam of light in the pickup 1 0 for the 
s purpose of correcting aberrations in radial directions of 
the disk in order to make it possible to correct the wave 
front aberrations of the optical system. The liquid crystal 
panel 13 is typically divided into three regions 13a 
through 13c along a radial direction as shown in Fig. 11 . 
to These regions include an inner peripheral side region, 
an intermediary region and an outer peripheral side re- 
gion. The three regions 1 3a through 1 3c are individually 
and variably controlled by the respective drive voltages 
output from a tilt servo circuit 51 by way of a drive circuit 
*5 28 as will be described hereinafter. With this arrange- 
ment, the phase difference of light passing through each 
of the regions 13a through 1 3c can be changed individ- 
ually so that the wave front aberrations such as coma 
that are produced by a tilt of the disk in a radial direction 
20 thereof may be corrected. 

[0019] As shown in Fig. 12, the optical system of the 
pickup 1 0 comprises a semiconductor laser element 21 
for emitting a laser beam with a wavelength of 650nm 
for DVDs and a semiconductor laser element 22 for 
25 emitting a laser beam with a wavelength of 780nm for 
CDs. The semiconductor laser elements 21 22 a. ria ar- 
ranged in such a way that the center lines of the laser 
beams emitted from them are perpendicular relative to 
each other. A conflux prism 23 is arranged across the 
so laser beams emitted from the semiconductor laser ele- 
ments 21 , 22 so that the laser beam emitted from the 
semiconductor laser element 21 is transmitted through 
the conflux prism 23 whereas the laser beam emitted 
from the semiconductor laser element 22 is reflected by 
35 the conflux prism 23 and made to leave the latter in a 
direction same as that of the laser beam emitted from 
the semiconductor laser 21 . 

[0020] The semiconductor laser element 21 is driven 
by a drive circuit 1 8 whereas the semiconductor laser 

40 element 22 is driven by another drive circuit 1 9. 

[0021] The laser beams coming from the conflux 
prism 23 are made to get to a polarization beam splitter 
26 provided with a polarizer panel 26a by way of a col- 
limator lens 24 and a grating 25. The grating 25 is ar- 

45 ranged to divide the laser beams into a plurality of fluxes 
(flux of 0 order, those of±1 order). In other words, a main 
beam and a pair of sub beams are formed by it. The 
polarization beam splitter 26 allows most (e. g., 90%) of 
the laser beam entering it to pass through it and the po- 

50 larizer panel 26a transforms the linear polarization of the 
passing laser beam into circular polarization. 
[0022] The laser beam that is allowed to pass through 
the polarization beam splitter 26 having the polarizer 
panel 26a then gets to the disk 12 by way of the liquid 

55 crystal panel 13 and the objective lens 27 thereof and 
becomes reflected by the recording surface of the disk 
12. The laser beam reflected by the recording surface 
of the disk 1 2 then returns to the polarization beam split- 
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ter 26 by way of the liquid crystal panel 1 3 and the po- 
larizer panel 26a. The polarizer panel 26a transforms 
the circular polarization of the reflected and returned la- 
ser beam into linear polarization. The polarization beam 
splitter 26 reflects the returned laser beam by means of 
its polarizing/splitting plane 26b. The reflected laser 
beam then gets to the light receiving plane of photo de- 
tector 30 by way of condenser lens 28 and multi lens 29. 
[0023] The pickup 1 0 further comprises an actuator 
34 having a focusing section for moving the objective 
lens 27 along the optical axis and a tracking section for 
moving the objective lens 27 in a radial direction of the 
disk that is perpendicular to the optical axis. 
[0024] As shown in Fig. 13, spots MS, SS1 , SS2 are 
formed on the disk 12 by the main beam and the sub 
beams of the laser beam coming from the pickup 10. 
Note that the two sub beam spots SS1 , SS2 are dis- 
placed from the main beam spot MS in a radial direction 
of the disk by a half of the track pitch P. This is because 
the differential push-pull method is used for detecting 
tracking errors. 

[0025] As shown in FIGS. 1 3 and 1 4, the photo detec- 
tor 30 comprises a light receiving section 31 for receiv- 
ing a main beam and a pair of light receiving sections 
32, 33 for receiving sub beams arranged at opposite 
sides of the light receiving section 31 . The light receiving 
surface of the light receiving section 31 is divided into 
four areas to produce photo detecting elements 31a 
through 31 d, whereas the light receiving surfaces of the 
light receiving sections 32, 33 are divided into two areas 
to produce photo detecting elements 32a, 32b and 33a, 
33b. 

[0026] As shown in Fig. 14, the pickup 10 comprises 
an adder 35 for adding the output signal a of the photo 
detecting element 31a and the output signal c of the pho- 
to detecting element 31c, another adder 36 for adding 
the output signal b of the photo detecting element 31b 
and the output signal d of the photo detecting element 
31 d and still another adder 37 for outputting an RF signal 
(read signal) by adding the output signals of the adders 
35, 36. The output of the adder 37 is connected to the 
tilt servo circuit 51 and the disk type discriminating cir- 
cuit 52 of a servo circuit 5 as well as to a reproduction 
processing section (not shown). The outputs of the 
adders 35, 36 are connected to a focusing servo circuit 
53. 

[0027] As shown in Fig. 15, the focusing servo circuit 
53 comprises an amplifier 61 for amplifying the output 
signal of the adder 35, another amplifier 62 for amplify- 
ing the output signal of the adder 36, a subtracter 63 for 
generating a focus error signal FE by subtracting the 
output signal of the amplifier 62 from the output signal 
of the amplifier 61 , an equalizer 64 for generating a fo- 
cus drive signal FD in accordance with the focus error 
signal FE that is the output signal of the subtracter 63, 
a switch 65, still another adder 66 and a voltage appli- 
cation circuit 67 for generating a variable voltage. The 
focus drive signal FD output from the equalizer 64 is fed 



to drive circuit 68 by way of the switch 65 and the adder 
66 when the switch 65 is on. The drive circuit 68 drives 
the focusing section of the actuator 34 in accordance 
with the focus drive signal FD. The on/off operations of 

5 the switch 65 are controlled by the system control circuit 
1 . The voltage application circuit 67 generates a variable 
voltage in accordance with the focus jump command 
from the system control circuit 6. As a variable voltage 
is generated by the voltage application circuit 67, it is 

10 added by the adder 66 and the output signal of the adder 
66 become the focus drive signal FD. 
[0028] The pickup 1 0 additionally comprises an adder 
38 for adding the output signal a of the photo detecting 
element 31a and the output signal d of the photo detect- 

15 ing element 31 d, another adder 39 for adding the output 
signal b of the photo detecting element 31 b and the out- 
put signal c of the photo detecting element 31c and a 
subtracter 40 for subtracting the output signal of the 
adder 39 from that of the adder 38. The output of the 

20 subtracter 40 is connected to the disk type discriminat- 
ing circuit 52 and the tracking servo circuit 54 of the ser- 
vo circuit 5. The output signal of the subtracter 40 is a 
push-pull signal. 

[0029] As shown in Fig. 1 4, the pickup 1 0 further com- 

25 prises a subtracter 41 for subtracting the output signal 
of the photo detecting element 32b from the output sig- 
nal of the photo detecting element 32a and another sub- 
tracter 42 for subtracting the output signal of the photo 
detecting element 33b from the output signal of the pho- 

30 to detecting element 33a. The outputs of the subtracters 
41 , 42 are connected to the tracking servo circuit 54. 
[0030] As shown in Fig. 1 4, the tracking servo circuit 
54 comprises an adder for adding the output signals of 
the subtracters 41 , 42, a multiplier 44 for multiplying the 

35 output signal of the adder 43 by a coefficient a, a sub- 
tracter 45 for generating a differential push-pull tracking 
error signal TE by subtracting the output signal of the 
multiplier 44 from the output signal (push-pull signal) of 
the subtracter 40, an equalizer 46 for generating a track- 

40 ing drive signal TD in accordance with the tracking error 
signal TE output from the subtracter 45 and a switch 47. 
[0031] The coefficient a of the adder 44 is determined 
in such a way that the output signal (push-pull of the 
main beam) of the subtracter 40 and the output signal 

45 (push-pull of the sub beams) of the multiplier 44 are 
made substantially equal to each other. Note that these 
two output signals have respective AC components 
whose polarities are opposite to each other and respec- 
tive DC components that show a same polarity. 

so [0032] The equalizer 46 generates the tracking drive 
signal TD so as to reduce the tracking error signal TE. 
The tracking drive signal TD output from the equalizer 
46 is fed to the drive circuit 48 by way of the switch 47 
when the switch 47 is on. The drive circuit 48 drives the 

55 tracking section of the actuator 34 in accordance with 
the tracking drive signal TD . The on/off operations of the 
switch 47 are controlled by the system control circuit 1 . 
[0033] The tilt servo circuit 51 generates a tilt drive 
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signal TID for driving the above described liquid crystal 
panel 13 and is provided with three tilt servo sections, 
or the first through third tilt servo sections, that are 
adapted to selectively operate depending on the type of 
the disk 12. The first tilt servo section is used for DVD-Rs 
and DVD-RWs and, as shown in Fig. 14, comprises an 
adder 69, a low pass filter 73, a changeover switch 70, 
a reference memory 71, a subtracter 72, an A/D con- 
verter 74 and a tilt correction ROM 75. The adder 69 
adds the output signal of the subtracter 40 in the pickup 
1 0 and that of the multiplier 44 in the tracking servo cir- 
cuit 54. 

[0034] Since the coefficient a of the multiplier 44 is 
determined in a manner as described above, the push- 
pull component of the output of the adder 69 is cancelled 
to leave only the DC component. The output signal of 
the adder 69 is smoothed as it is input to the low pass 
filter 73 so that the eccentric component of the disk will 
be removed. The output signal of the low pass filter 73 
is supplied to the reference memory 71 by way of the 
changeover switch 70 to represents a state involving no 
tilt before an information recording operation and the ref- 
erence memory 71 stores the supplied signal level as 
reference signal. The changeover switch 70 relays the 
output signal of the low pass filter 73 to the subtracter 
72 durinq a record! no ooe r a tirkn nimnn => iw^rriinn /%r> 
eration, the output signal of the low pass filter 73 is a 
push-pull signal containing an offset component that 
varies as a function of the tilt of the disk 12, or a push- 
pull offset signal. The subtracter 72 generates a first tilt 
error signal representing the tilt of the disk 12 by sub- 
tracting the reference signal stored in the reference 
memory 71 from the output signal of the adder 69. 
[0035] During a recording operation, the output signal 
of the multiplier 44 and that of the subtracter 40 are 
tracking error signals containing an offset component 
that represents the tilt of the disk 12. The signal obtained 
by removing the offset component from the signal pro- 
duced as the sum of the two signals by means of the 
adder 69 is stored in the reference memory 71 as refer- 
ence signal. Thus, the signal output from the subtracter 
72 as a result of subtracting the reference signal from 
the output signal of the adder 69 contains only the offset 
component so that it is possible to provide the first tilt 
error signal. 

[0036] The first tilt error signal is digitized by the A/D 
converter 74 and then fed to the tilt correction ROM 75, 
which stores a plurality of tilt correction values and out- 
put three correction values stored at the respective ad- 
dresses specified by the first tilt error signal. These three 
correction values correspond respectively to the three 
regions 13a through 13c of the liquid crystal panel 13. 
[0037] While the low pass filter 73 is provided in this 
embodiment, it may be omitted and the first tilt errorsig- 
nal may be obtained directly from the subtracter 72 
when the eccentric component of the disk is small. 
[0038] Additionally, while the output signal of the sub- 
tracter 40 and that of the multiplier 44 are added by the 



adder 70 in this embodiment, it may alternatively be so 
arranged that only either the output signal (main push- 
pull signal) of the subtracter 40 or the output signal (sub 
push-pull signal) of the multiplier 44 is smoothed by the 
5 low pass filter and fed to the reference memory 71 by 
way of the changeover switch 70. 
[0039] As shown in Fig. 1 4, the second tilt servo sec- 
tion that is used for DVD- RAMs comprises a delay circuit 
76, a subtracter 77, a low pass filter 78, an A/D converter 
10 79 and a tilt correction ROM 80. The delay circuit 76 
delays the RF signal output form the adder 37 and sup- ; 
plies it to the subtracter 77. The RF signal corresponds 
to the first VFO data (of 64 bytes) in the first and third 
header fields of the above described header format of 
15 DVD-RAM. The delay time of the delay circuit 76 corre- 
sponds to the time necessary for passing through the 
first header field and the second header filed of the 
header section .Thus, while the first VFO data of the first 
header field is fed from the delay circuit 76 to one of the 
20 input terminals (non-inversion input terminal) of the sub- 
tracter 77, the first VFO data of the third header field is 
fed to the other input terminal (inversion input terminal) 
of the subtracter 77. The subtracter 77 subtracts the first 
VFO data of the third head field from the first VFO data 
25 of the first header field and supplies a signal represent- 
ing the different to the low pass filter 78. The low pass 
filter 78 smooths the signal obtained by the subtraction 
and generates a second tilt error signal. The second tilt 
error signal is digitized by the A/D converter 79 and then 
30 fed to the tilt correction ROM B0, which stores a plurality 
of tilt correction values and output three correction val- 
ues stored at the respective addresses specified by the 
second tilt error signal. These three correction values 
output from the tilt correction ROM 80 correspond re- 
35 spectiveiy to the three regions 13a through 13c of the 
liquid crystal panel 13. Japanese Patent Laid-Open 
Publication No. 2000-137923 describes the generation 
of tilt error signal of a tilt servo section to be used for 
DVD-RAMs in greater detail. 
40 [0040] The third tilt servo section for DVD-ROMs uses 
a so-called hill climbing method for the purpose of gen- 
erating correction values in order to maximize the RF 
signal. As shown in Fig. 14, it comprises an RF ampli- 
tude level detector 81 , an L register 82, an H register 
45 83, a comparator 84, an up-down counter 85, an adder 
and a tilt conection ROM 87. The RF amplitude level 
detector 81 detects the amplitude level of the RF signal. 
The L register 82 holds the amplitude level of the RF 
signal obtained by using the current output value of the 
so up-down counter 85 as address value for the tilt correc- 
tion ROM 87. The H register 83 holds the amplitude level 
of the RF signal obtained by adding the output value of 
the up-down counter 85 and 1 by means of the adder 
86 and using the sum as address value for the tilt cor- 
55 rection ROM 87. The adder 86 performs the addition of 
1 in response to the command from the system control 
circuit 1 . The comparator 84 compares the amplitude 
level held in the L register 82 and the one held in the H 
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register 83. If the value held in the L register 82 is found 
to be larger than the value held in the H register 83 as 
a result of the comparison made by the comparator 84, 
the up-down counter 85 counts up by 1 . If. on the other 
hand, the value held in the L register 82 is found to be 5 
smaller than the value held in the H register 83 as a re- 
sult of the comparison made by the comparator 84, the 
up-down counter 85 counts down by 1 .The tilt correction 
ROM 87 outputs the correction values stored at the re- 
spective addresses specified by the output value of the to 
adder 86. The three correction values output from the 
tilt correction ROM B7 correspond respectively to the 
three regions 1 3a through 1 3c of the liquid crystal panel 
13. 

[0041] As a tilt servo start command is issued to the « 
above described tilt servo section for DVD-ROMs, the 
current output value of the up-down counter 85 is set in 
the tilt correction ROM 87 by way of the adder 86 as 
address value. Then, as a result, the liquid crystal panel 
13 is driven by way of a servo drive system, which will 20 
be described hereinafter. The amplitude level of the RF 
signal detected by the RF amplitude level detector 81 is 
held by the L register 82. Then, 1 is added to the current 
output value of the up-down counter 85 by the adder 86 
and the sum is set in the tilt correction ROM 87 as ad- 
dress value and used to drive the liquid crystal panel 1 3 
by way of the tilt servo drive system. The amplitude level 
of the RF signal detected by the RF amplitude level de- 
tector 81 is held by the H register 83. The comparator 
84 compares the value held by the L register 82 with the 
value held by the H register 83 and counts up 1 by when 
the value held by the L register 82 is larger than the value 
held by the H register 83, whereas it counts down by 1 
when the value held by the L register 82 is smaller than 
the value held by the H register 83. Then, the above op- 
eration is repeated. Japanese Patent Laid-Open Publi- 
cation No. Hei. 11-3531 describes such a tilt servo sec- 
tion for DVD-ROMs in greater detail. 
[0042] The outputs of the three tilt correction ROMs 
75, 80, 87 are connected to selector 88 and then to tilt 
servo drive system comprising registers 96a through 
96c, PWM sections 97a through 97c and a drive circuit 
28. The selector 88, the registers 96a through 96c and 
the PWM sections 97a through 97c are contained in the 
servo circuit 5. The selector 88 relays one of the correct- 
ed output values of the tilt correction ROMs 75, 80, 87. 
The output of the selector 88 is connected to the regis- 
ters 96a through 96c for holding a corrected value. The 
outputs of the registers 96a through 96c are connected 
to the respective PWM (pulse width modulator) sections 
97a through 97c. The PWM sections 97a through 97c 
perform pulse-width modulates in accordance with the 
respective output values of the registers 96a through 
96c and supply the respective modulated signals to the 
drive circuit 28 as tilt drive signals TID. 
[0043] Regardless which one of the tilt correction 
ROMs 75, 80, 87 supplies a corrected value to the reg- 
isters 96a through 96c of the tilt servo drive system by 



way of the selector 88, the corrected value held by the 
register 96a and the one held by the register 96c are 
symmetrical relative to the corrected value held by the 
register 96b. A drive signal having a pulse width corre- 
sponding to the corrected value held by the register 96a 
is generated by the PWM section 97a. Similarly, a drive 
signal having a pulse width corresponding to the cor- 
rected value held by the register 96b is generated by the 
PWM section 97b. Likewise, a drive signal having a 
pulse width corresponding to the corrected value held 
by the register 96c is generated by the PWM section 
97c. The drive circuit 28 applies voltages respectively 
to the regions 13a through 13c in accordance with the 
respective levels of the corresponding drive signals. As 
a result of the voltage application, a light path difference 
An*d (An is the variation of the refractive index and d is 
the liquid crystal cell thickness) is produced by the dou- 
ble refraction effect of liquid crystal molecules in the re- 
gions 1 3a through 1 3c. If the wavelength of a light beam 
passing through the liquid crystal is X, a phase differ- 
ence of An-d (2n/X) is given to the light beam. Thus, it is 
now possible to correct the aberrations including the co- 
ma generated in a radial direction of the disk due to the 
tile of the disk. 

[0044] As shown in Fig. 15, the servo circuit 5 has a 
spindle servo circuit 93 comprising a rotational speed 
detector 89, a rotational speed error generator 90, an 
equalizer 91 and a switch 92. A frequency signal FG is 
fed to the rotational speed detector 89. A frequency sig- 
nal FG is an AC signal representing the current revolu- 
tion frequency of the spindle motor 1 4 for driving the op- 
tical disk 12 to rotate by way of a turn table. The rota- 
tional speed detector 89 generates a rotational speed 
signal indicating the rotational speed of the spindle mo- 
tor that corresponds to the frequency signal FG and sup- 
plies it to the system control circuit 1 and also to the 
rotational speed error generating section 90. The rota- 
tional speed error generating section 90 generates a ro- 
tational speed error signal indicating the difference be- 
tween the rotational speed signal and the reference ro- 
tational speed signal fed from the system control circuit 
1 and supplies it to the equalizer 91 . In response to the 
rotational speed errorsignal, the equalizer 91 generates 
a spindle drive signal SPD, which is fed to the spindle 
motor 14 by way of the drive circuit 83 when the switch 
92 is on. The spindle motor 14 drives the optical disk 12 
to rotate with the rotational speed indicated by the spin- 
dle drive signal SPD. The AC generator (not shown) ar- 
ranged in the spindle motor 14 supplies the frequency 
signal FG representing the current revolution frequency 
to the servo circuit 5. Thus, with the above-described 
arrangement of the spindle servo system, the spindle 
motor 14 is driven to rotate with the rotational speed in- 
dicated by the reference rotational speed signal fed from 
the system control circuit 1 . 

[0045] Although not shown, the servo circuit 5 gener- 
ates a slider drive signal SD on the basis of the above 
tracking error signal TE and supplies it to the slider 1 00 
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by way of the drive circuit 8. As a result, the slider 1 00 
moves the pickup 1 0 in a radial direction of the disk with 
a rotational speed corresponding to the drive current 
based on the slider drive signal SD. 
[0046] The disk type discriminating circuit 52 deter- 
mines the type of the disk 12 mounted on the turn table. 
As pointed out earlier, the disks 12 may be a CD type 
disk such as CD, CD-ROM or CD-R or a DVD type disk 
such as DVD, DVD-ROM, DVD-R, DVD-RAM or 
DVD-RW. 

[0047] Now, the operation of the disk discriminating 
circuit 52 will be described by referring to the flow charts 
of FIGS. 17 and 18. 

[0048] Firstly, referring to Fig. 1 7, the disk discriminat- 
ing circuit 52 determines if a recording command is is- 
sued from the system control circuit 1 or not (Step S1). 
If it is determined that a recording command is issued, 
it determines if the disk 12 is of the CD type or of the 
DVD type (Step S2). A CD type disk may be a CD, a 
CD-ROM or a CD-R. A DVD type disk may be a DVD, 
a DVD-ROM, a DVD-R, a DVD-RAM ora DVD-RW. For 
the operation of Step S2, a laser beam having a wave- 
length of 780nm is emitted from the semiconductor laser 
element 22 for CDs at a reading power level and the 
disk 12 is driven to rotate as the switch 92 is turned on 



forcibly drive the focus actuator section and continuous- 
ly move the focused position on the disk 12. As the fo- 
cused position is moved, the S-characteristic of the fo- 
cus error signal FE corresponding the pit producing sur- 
5 face is observed. The amplitude of the S formed by the 
pit producing surface of a single-layered DVD-ROM or 
a DVD-R is greater than its counterpart of a double-lay- 
ered DVD-ROM, a DVD-RAM or a DVD-RW. Generally, 
DVD-RAMs and DVD-RWs, that are rewritable disks! 
10 are made of a phase change material and hence show 
a low reflectance. Double layered DVD-ROMs are made 
semitransparent in the pit producing surface and hence 
show a low reflectance. A disk showing a low reflectance 
also shows an S having a small amplitude. Thus, the 
15 disk 12 is determined to be either a single-layered 
DVD-ROM or a DVD-R of the first category when the 
amplitude of the S is smaller than a predetermined 
threshold value, whereas it is determined to be a double- 
layered DVD-ROM, a DVD-RAM or a DVD-RW of the 
20 second category. 

[0050] If, in Step S3, it is determined that the disk be- 
longs to the first category and hence is either a single- 
layered DVD-ROM or a DVD-R, it is then determined if 
the disk 12 is a single-layered DVD-ROM or a DVD-R 
25 (Step S4). In the disk discriminating operation of Step 
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plication circuit 67 to the drive circuit 68 by way of the 
adder 66 to forcibly drive the focus actuator section and 
continuously move the focused position on the disk 12. 
As the focused position is moved, the S-characteristic 
of the focus error signal FE is observed. As shown in 
Fig. 19, the S-characteristic appears when the focused 
position is located on the disk surface and when it is 
located on the pit producing surface. The time interval 
from the appearance of S due to the disk surface and 
the one due to the pit producing surface is observed. As 
seen from Fig. 19, the time interval A from the appear- 
ance of S due to the disk surface and the one due to the 
pit producing surface of a DVD type disk is shorter than 
the corresponding time interval B of a CD type disk. 
Therefore, if the observed time interval is greater than 
a predetermined time threshold value, the disk is deter- 
mined to be a CD type disk. On the other hand, if the 
observed time interval is smaller than the predetermined 
time threshold value, the disk is determined to be DVD 
type disk. 

[0049] If it is determined in Step S2 that the disk is of 
the DVD type, the disk discriminating circuit 52 further 
determines if the disk 12 belongs to the first category 
covering single-layered DVD-ROMs and DVD-Rs or the 
second category covering double-layered DVD-ROMs, 
DVD-RAMs and DVD-RWs (Step S3). In the operation 
of Step S3, a laser beam having a wavelength of 650nm 
is emitted from the semiconductor laser element 21 for 
DVDs at the reading power level and the disk 12 is driv- 
en to rotate as the switch 92 is turned on. Then, a vari- 
able voltage is supplied from the voltage application cir- 
cuit 67 to the drive circuit 68 by way of the adder 66 to 



ted from the semiconductor laser element 21 for DVDs 
at the reading power level and the disk 12 is driven to 
rotate as the switch 92 is turned on as in Step S3. How- 
30 ever, the supply of the variable voltage from the voltage 
application circuit 67 is suspended. Then, the switch 65 
is turned on and the focusing servo circuit 53 performs 
a focusing operation. Additionally, the switch 47 is 
turned on and the tracking servo circuit 54 performs a 
35 tracking operation. Underthis condition, it is determined 
if the RF signal or the tracking error signal being read 
contains a groove wobble signal component or not. If a 
groove wobble signal component is detected, the disk 
is determined to be a DVD-R. If, on the other hand, no 
40 groove wobble signal component is detected, the disk 
is determined to be a single-layered DVD-ROM. 
[0051] As shown in Fig. 4, in case of DVD-R and 
DVD-RW groove wobbles 1 03 are formed on the pit pro- 
ducing surface and LPPs (land pre-pits) 104 are formed 
45 between adjacent groove wobbles 103. The LPPs 104 
are used for accurately determining the recording posi- 
tion on the basis of a unit of bit and obtaining various 
pieces of information on the disk including pre-address- 
es. 

50 [0052] If, on the other hand, it is determined in Step 
S4 that the disk 12 is a DVD-R, it is then determined if 
the DVD-R is a general purpose DVD-R or an authoring 
purpose DVD-R (Step S5). More specifically, the infor- 
mation of the LPPs is read out to see if the DVD-R is a 

55 general purpose DVD-R or an authoring DVD-R after 
the determination of the category of the disk in Step S4. 
[0053] If, in Step S5, it is determined that the disk 12 
is an authoring purpose DVD-R, the system control cir- 
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cuit 1 controls the recording operation for the authoring 
purpose DVD-R. If, on the other hand, it is determined 
in Step S5 that the disk 12 is a general DVD-R, the sys- 
tem control circuit 1 controls the recording operation for 
the general purpose DVD-R and DVD-RW. The first tilt 
servo section for DVD-Rs and DVD-RWs is used for 
controlling the recording operation for an authoring pur- 
pose DVD-R, a general purpose DVD-R or a DVD-RW. 
More specifically, the selector 88 relays the output val- 
ues of the tilt correction ROM 75 to the registers 96a 
through 96c in accordance with the command from the 
system control circuit 1 , respectively. 
[0054] If it is determined in Step S4 that the disk 12 is 
a single-layered DVD-ROM, an impossible recording 
message is displayed on a display (not shown) (Step 
S6). 

[0055] If it is determined in Step S3 that the disk 12 
belongs to the second category and may be a double- 
layered DVD-ROM, a DVD- RAM ora DVD-RW, it is then 
determined if the disk 1 2 is a double-layered DVD-ROM 
or not and hence a DVD-RW or a DVD-RAM (Step S7). 
In Step S7, a laser beam having a wavelength of 650nm 
is emitted from the semiconductor laser element 21 for 
DVDs at the reading power level and the disk 12 is driv- 
en to rotate as the switch 92 is turned on as in Step S3. 
However, the supply of the variable voltage from the 
voltage application circuit 67 is suspended. Then, the 
switch 65 is turned on and the focusing servo circuit 53 
performs a focusing operation. Additionally, the switch 
47 is turned on and the tracking servo circuit 54 performs 
a tracking operation. Under this condition, it is deter- 
mined if the RF signal or the tracking error signal being 
read contains a groove wobble signal component or not. 
If a groove wobble signal component is detected, the 
disk is determined to be a DVD-RW or a DVD-RAM. If, 
on the other hand, no groove wobble signal component 
is detected, the disk is determined to be a double-lay- 
ered DVD-ROM. 

[0056] If it is determined in Step S7 that the disk 12 is 
a double-layered DVD-ROM, the processing operation 
proceeds to Step S6 and an impossible recording mes- 
sage is displayed on a display screen (not shown). 
[0057] If it is determined in Step S7 that the disk 12 is 
either a DVD-RW or a DVD- RAM, then it is determined 
if the disk 12 is in fact a DVD-RW or a DVD-RAM (Step 
S8). The operation of driving the disk player in Step S6 
is continued to Step SB. Thus, it is determined if the 
push-pull signal such as a tracking error signal TE con- 
tains an LPP signal component corresponding to an 
LPP or not. If an LPP signal component is detected in 
the push-pull signal, the disk 12 is determined to be a 
DVD-RW. If, on the other hand, no LPP signal compo- 
nent is detected, the disk 12 is determined to be a 
DVD-RAM. 

[0058] If, in Step S8, it is determined that the disk 12 
is a DVD-RW, the system control circuit 1 controls the 
recording operation for a general purpose DVD-R or a 
DVD-RW. If, on the other hand, it is determined in Step 



58 that the disk is a DVD- RAM , the system control circu it 
1 controls the recording operation for the general pur- 
pose DVD-RAM. The second tilt servo section for 
DVD-RAMs is used for controlling the recording opera- 

5 tion for a DVD-RAM. More specifically, the selector 88 
relays the output values of the tilt correction ROM 80 to 
the registers 96a through 96c in response to the com- 
mand from the system control circuit 1 , respectively. 
[0059] If it is determined in Step S2 that the disk is of 

10 the CD type, it is further determined if the disk 12 is a 
CD-ROM or a CD-R (Step S9). In the determination of 
Step S9, a laser beam having a wavelength of 780nm 
is emitted from the semiconductor laser element 22 for 
CDs at the reading power level and the disk 1 2 is driven 

is to rotate as the switch 92 is turned on as in Step S2. 
However, the supply of the variable voltage from the 
voltage application circuit 67 is suspended. Then, the 
switch 65 is turned on and the focusing servo circuit 53 
performs a focusing operation. Additionally, the switch 

20 47 is turned on and the tracking servo circuit 54 performs 
a tracking operation. Under this condition, it is deter- 
mined if the RF signal or the tracking error signal TE 
being read contains a groove wobble signal component 
or not. If a groove wobble signal component is detected, 

25 the disk is determined to be a CD-R. If, on the other 
hand, no groove wobble signal component is detected, 
the disk is determined to be a CD-ROM. 
[0060] If it is determined in Step S9 that the disk 1 2 is 
a CD-ROM, the processing operation proceeds to Step 

30 S1 0 and an impossible recording message is displayed 
on a display screen (not shown) as in Step S6. 
[0061] If, on the other hand, it is determined in Step 

59 that the disk is a CD-R, the system control circuit 1 
controls the signal recording operation for the CD-R. In 

35 the recording operation for the CD-R , no tilt servo control 
is performed. 

[0062] If it is determined in Step S1 that no recording 
command is issued, it is then determined if a playback 
command is issued from the system control circuit 1 or 

40 not (Step S11). If it is determined that the playback com- 
mand is issued, it is then determined if the disk 12 is of 
the CD type or of the DVD type (Step S1 2). The process- 
ing operation of Step S12 is similar to that of Step S2. 
[0063] If it is determine in Step S1 2 that the disk 1 2 is 

45 of the CD type, the system control circuit 1 controls play- 
back operation for the CD type disk. No tilt servo control 
operation is performed in the playback operation for the 
CD type disk. 

[0064] If, on the other hand, it is determined in Step 
50 S12thatthediskis of the DVD type, it is then determined 
if the disk 12 is a DVD-RAM or not (Step S13). In the 
operation of Step S13, a laser beam having a wave- 
length of 650nm is emitted from the semiconductor laser 
element 21 for DVDs at the reading power level and the 
55 disk 1 2 is driven to rotate as the switch 92 is turned on. 
Then, a variable voltage is supplied from the voltage ap- 
plication circuit 67 to the drive circuit 68 by way of the 
adder 66 to forcibly drive the focus actuator section and 
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continuously move the focused position on the disk 12. 
As the focused position is moved, the S-characteristic 
of the focus error signal FE that corresponds to the bit 
producing surface is observed. After the suspension of 
the supply of the variable voltage from the voltage ap- 
plication circuit 67, the switch 65 is turned on and the 
focusing servo circuit 53 performs a focusing operation. 
Additionally, the switch 47 is turned on and the tracking 
servo circuit 54 performs a tracking operation. Under 
this condition, it is determined if the push-pull signal 
such as tracking error signal TE contains an LPP signal 
component corresponding to an LPP or not. If the am- 
plitude of the S is less than a threshold value and the 
push-pull signal does not contain any LPP signal com- 
ponent, the disk is determined to be a DVD-RAM. 
[0065] If it is determined in Step S13 that the disk 12 
is a DVD-RAM, the system control circuit 1 controls play- 
back operation for the DVD-RAM. If : on the other hand, 
it is determined in Step S13 that the disk 12 is a DVD 
type disk other than a DVD-RAM, the system control cir- 
cuit 1 controls playback operation for the DVD-ROM. In 
the playback operation for the DVD-ROM, a tilt servo 
section for DVD-ROMs is used. In other words, the se- 
lector 88 relays the output values of the tilt correction 
ROM 87 to the registers 96a through 96c in response to 
the command from the system control circuit 1 , respec- 
tively. 

[0066] For the purpose of the invention, the above de- 
scribed disk discriminating method may be replaced by 
some other disk discriminating method such as one for 
detecting the contents of the TOC of the optical disk. 
[0067] Now, the control operation of the first tilt servo 
section when the disk 12 is a DVD-R or a DVD-RW will 
be discussed below. 

[0068] Firstly, for controlling the operation of record- 
ing a signal on a general purpose DVD-R or a DVD-RW, 
the system control circuit 1 forcibly drives the slider 1 00 
by means of the drive circuit 8 to move the pickup 10 
onto the embossed section (pre-write) section of the 
disk 12 and forcibly rotate the disk (Step S21). The 
forced rotation is typically realized by feeding a spindle 
drive signal SPD for predetermined rotational speed to 
the drive circuit 83 from an appropriate circuit (not 
shown). Additionally, the system control circuit 1 causes 
the drive circuit 18 to drive the semiconductor laser el- 
ement 21 for DVDs and make the latter emit a laser 
beam having a wavelength of 650nm at the reading 
power level (Step S22) and turns on the switch 92 to 
drive the disk 12 to rotate under the control of the spindle 
servo circuit 93 for spindle rotation. Furthermore, the 
system control circuit 1 turns on the switch 65 to make 
the focusing servo circuit 53 operate for focusing and 
also the switch 47 to make the tracking servo circuit 54 
operate for tracking (Step S23). Alternatively, it may be 
so arranged that a variable bias voltage is multiplexed 
with the tracking error signal to detect the bias voltage 
that maximizes the RF signal level. 
[0069] Then, the focusing servo circuit 53 detects an 



optimal level of the RF signal by means of offset regu- 
lation (Step S24). In other words, the focusing servo cir- 
cuit 53 multiplexes the focus error signal with the bias 
voltage from a bias circuit (not shown) and the bias volt- 

5 age is made to vary to find out the bias voltage level that 
maximizes the RF signal level. Thereafter, the regions 
13a through 13c of the liquid crystal panel 13 are driven 
by the tilt servo system to detect the optimum RF signal 
level (Step S25). More specifically, the correction values 

to of the regions 13a through 13c that correspond to the 
respective addresses of the tilt correction ROM 75 are 
read out and sequentially fed to the respective registers 
96a through 96c by way of the selector 88. Then, the 
PWM sections 97a through 97c are drive to generate tilt 

15 drive signals TID in orderto drive the respective regions 
13a through 13c of the liquid crystal panel 13 by way of 
the drive circuit 28 so that the address value orthe three 
correction values that maximize the RF signal level may 
be detected. 

20 [0070] When the optimum RF signal level is detected, 
the level of the output signal of the adder 69 is stored in 
the reference memory 71 as reference signal (Step 
S26). The changeover switch 72 relays the output signal 
of the adder 69 to the reference memory 71 while the 

25 processing operation of Step S26 is being carrier out 
but, when the operation of Step S26 is over, it is switched 
to relay the output signal of the adder 69, which is a 
push-pull offset signal, to the subtracter 72. Then, it per- 
forms a tentative writing operation in the PCA area of 

50 the disk to determine an optimal recording power level 
of the laser beam (Step S27). Thereafter, it starts a re- 
cording operation (Step S28) and drives the regions 13a 
through 13c of the liquid crystal panel 13 according to 
the tilt signal computationally determined by the first tilt 

35 servo section for DVD-Rs and DVD-RWs (Step S29). 
More specifically, level difference signal representing 
the level difference between the output signal of the 
adder 69 and the reference signal stored in the refer- 
ence memory 71 is produced from the subtracter 72 and 

40 supplied to the A/D converter 74 by way of the low pass 
filter 73 as tilt error signal. The output signal of the A/D 
converter 74 represents addresses in the tilt correction 
ROM 75 and three correction values corresponding to 
the addresses are read out of the tilt correction ROM 75. 

45 The three correction values are then fed to the respec- 
tive registers 96a through 96c by way of the selector 88 
so that the PWM sections 97a through 97c generate cor- 
responding tilt drive signals TID, which are then used by 
the drive circuit 28 to drive the respective regions 13a 

50 through 13c of the liquid crystal panel 13. The process- 
ing operation of Step S29 continues until the recording 
operation ends. 

[0071] For controlling the recording operation on the 
authoring purpose DVD-R, the system control circuit 1 
55 forcibly drives the slider 1 00 by means of the drive circuit 
8 so as to move the pickup 10 to the PCA area of the 
disk 12 and forcibly rotate the disk 1 2 (Step S31 ). Then, 
it issues a command for driving the semiconductor laser 
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element 21 for DVDs to emit a laser beam having a 
wavelength of 650nm at the recording power level (Step 
S32). The system control circuit 1 then turns on the 
switch 92 to drive the disk 1 2 to rotate under the control 
of the spindle servo circuit 93 for spindle rotation. Fur- 5 
thermore, the system control circuit 1 turns on the switch 
65 to make the focusing servo circuit 53 operate for fo- 
cusing and also the switch 47 to make the tracking servo 
circuit 54 operate for tracking (Step S33). Then, it per- 
forms a tentative writing operation in the PCA area of 10 
the disk to determine an optimal recording power level 
of the laser beam (Step S34). Subsequently, it changes 
the recording power level stepwise to preliminarily de- 
termine an optimum recording power level. 
[0072] After carrying out Step S27, the system control « 
circuit 1 issues a command for driving the semiconduc- 
tor laser element 21 for DVDs to emit a laser beam hav- 
ing a wavelength of 650nm at the reading power level 
to the tentatively written pit (Step S35) and causes the 
focusing servo circuit 53 to detect an optimum RF signal 20 
level by means of offset regulation (Step S36). More 
specifically, the focusing servo circuit 53 multiplexes the 
focus error signal with the bias voltage from a bias circuit 
(not shown) and the bias voltage is made to vary to find 
out the bias voltage level that maximizes the RF signal 25 
level. It may be so arranged that the tracking servo cir- 
cuit 54 also detects an optimum RF signal level also by 
means of offset regulation at the same time. Thereafter, 
the regions 13a through 13c of the liquid crystal panel 
1 3 are driven by the tilt servo system to detect the opti- 30 
mum RF signal level (Step S37). More specifically, the 
correction values of the regions 13a through 13c that 
correspond to the respective addresses of the tilt cor- 
rection ROM 75 are read out and sequentially fed to the 
respective registers 96a through 96c by way of the se- 35 
lector 88. Then, the PWM sections 97a through 97c are 
driven to generate tilt drive signals TID in order to drive 
the respective regions 1 3a through 1 3c of the liquid crys- 
tal panel 13 by way of the drive circuit 2B so that the 
address value or the three correction values that maxi- *o 
mize the RF signal level may be detected. 
[0073] When the optimum RF signal level is detected, 
the level of the output signal of the adder 69 is stored in 
the reference memory 71 as reference signal (Step 
S38). The changeover switch 70 relays the output signal 45 
of the adder 69 to the reference memory 71 while the 
processing operation of Step S38 is being carrier out 
but, when the operation of Step S38 is over, it is switched 
to relay the output signal of the adder 69, which is a 
push-pull offset signal, to the subtracter 72. Then, it per- so 
forms a tentative writing operation in the PCA area of 
the disk to determine an optimal recording power level 
of the laser beam (Step S39). Thereafter, it starts a re- 
cording operation (Step S40) and drives the regions 1 3a 
through 13c of the liquid crystal panel 13 according to 55 
the tilt error signal computationally determined by the 
first tilt servo section for DVD-Rs and DVD-RWs (Step 
S41). The processing operation of Step S41 continues 



until the recording operation ends. 
[0074] The user can pre-write management informa- 
tion or the like on an authoring purpose DVD-R. Fig. 22 
is a flow chart of a tilt servo control operation of the first 
tilt servo section that can be used for an authoring pur- 
pose DVD-R when the use of the pre-write feature is 
involved. Referring to Fig. 22, after carrying out Steps 
S31 through S34, the system control circuit 1 forcibly 
drives the slider 1 00 by means of the drive circuit 8 to 
move the pickup 1 0 onto the pre-write section for a pre- 
write operation (which corresponds to the pre-write sec- 
tion of a general purpose DVD) of the disk 1 2 (Step S61 ) 
and issues a command for driving the semiconductor 
laser element 21 for DVDs to emit a laser beam having 
a wavelength of 650nm at a preliminarily determined op- 
timum recording power level (Step S62) and write a sig- 
nal in the pre-write section of the disk with the prelimi- 
narily determined optimum recording power level (Step 
S63). After Step S63, the system control circuit 1 issues 
a command for driving the semiconductor laser element 
21 for DVDs to emit a laser beam having a 650nm at the 
reading power level (Step S64) and then proceeds to 
Step S36, where it causes the focusing servo circuit 53 
to detects an optimum RF signal level by means of offset 
regulation. Thereafter, the system control circuit 1 per- 
forms Steps S37 through S41 . Note that the system con- 
trol circuit 1 forcibly drives the slider 100 by means of 
the drive circuit 8 to move the pickup 10 onto the PCA 
area of the disk 12 before executing Step S39 (Step 
S65). 

[0075] While a tilt servo control device including a liq- 
uid crystal panel 1 3 is used as tilt angle adjusting means 
for compensating the tilt angle in the above embodi- 
ment, an actuator for mechanically regulating the incli- 
nation of the pickup or the objective lens relative to the 
optical disk may be used to replace the tilt servo control 
device. Then, the actuator will be driven in accordance 
with a tilt error signal. 

[0076] As described above in detail, according to the 
invention, there are provided a tilt servo control device 
and a tilt servo control method that can be used with 
mint optical recording media bearing no written informa- 
tion for the purpose of tilt servo control operations. 
[0077] The present invention can be applied to not on- 
ly an optical disk player with a recording function but 
also an optical disk player without a recording function. 
[0078] According to the present invention, a tilt servo 
control can be properly performed for an unwritten op- 
tical disk into which any information is not written yet. 



Claims 

1 . A tilt servo control device of an information record- 
ing/reproducing apparatus for recording informa- 
tion on and reproducing information from an optical 
recording medium, said apparatus comprising an 
optical system for leading a laser beam emitted 
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from a light source to a recording surface of the op- 3. 
tical recording medium and a laser beam reflected 
by the recording surface of the recording medium 
to a split type photo detector and read signal gen- 
erating means for generating a read signal in ac- 5 
cordance with an output signal of the photo detec- 
tor, said device comprising: 

push-pull component generating means for 
generating a push-pull component signal in- 10 
eluding a differential component of output sig- 
nals of respective split portions of said photo 
detector; 4 
tilt error signal generating means for generating 
a tilt error signal representing a tilt angle be- is 
tween a normal to the recording surface of said 
optical recording medium at a position of said 
laser beam irradiating the recording surface 
and an optical axis of said laser beam based 
on said push-pull component signal; 20 
tilt angle adjusting means for adjusting said tilt 5. 
angle; and 

drive means for driving said tilt angle adjusting 
means so as to reduce said tilt error signal. 

25 

2. A tilt servo control device according to claim 1 

wherein 6 

said photo detector has a main light receiving 
section which is divided into at least two portions 
and two sub light receiving sections between which 30 
said main light receiving section is inserted, which 
are respectively divided into two portions, each of 7. 
said main light receiving section and said sub light 
receiving sections being arranged so that the divid- 
ed line thereof is parallel with a tangential direction 35 
of a track of said optical recording medium, and 
generating an output signal for each divided portion; 8. 
said apparatus comprising: 

means for generating a main push-pull signal 40 
representing the differential component of the 
output signals of said main light receiving sec- 9. 
tion; 

means for generating first and second sub 
push-pull signals representing the differential 45 
components of the output signals of said two 
sub light receiving sections; and 

means for adding said first and second sub 10. 
push-pull signals and multiplying the sum of the 
addition by a predetermined coefficient to gen- so 
erate a sub push-pull sum signal; 

wherein said push-pull component signal is 
one of a main/sub push-pull sum signal obtained by 
adding said main push-pull signal and said sub 55 
push-pull sum signal, said main push-pull signal 11. 
and said sub push-pull sum signal. 



A tilt servo control device according to claim 1 , fur- 
ther comprising holding means for holding, as a ref- 
erence signal, a signal obtained by smoothing said 
push-pull component signal corresponding to said 
read signal showing a desired level at a predeter- 
mined area of said optical recording medium; 

wherein said tilt error signal generating 
means generates a tilt error signal in accordance 
with the difference between said signal obtained by 
smoothing said push-pull component signal and 
said reference signal. 

A tilt servo control device according to claim 3, fur- 
ther comprising means for setting a recording pow- 
er level of the laser beam output from said light 
source by carrying out a tentative writing operation 
in a power calibration area before an actual infor- 
mation recording operation after being holding said 
reference signal by said holding means. 

A tilt servo control device according to claim 3, 
wherein said predetermined area of said optical re- 
cording medium is an embossed area, a pre-write 
area or a power calibration area having a pit formed 
by a tentative writing operation. 

A tilt servo control device according to claim 5, 
wherein said predetermined area is the embossed 
area when said optical recording medium is a 
DVD-RW. 

A tilt servo control device according to claim 5, 
wherein said predetermined area is the pre-write ar- 
ea when said optical recording medium is a general 
purpose DVD-R. 

A tilt servo control device according to claim 5, 
wherein said predetermined area is the power cal- 
ibration area when said optical recording medium 
is an authoring purpose DVD-R. 

A tilt servo control device according to claim 3, 
wherein said read signal is controlled to show a de- 
sired level by means of offset regulation of a focus- 
ing servo system and the drive against said tilt angle 
adjusting means by said drive means. 

A tilt servo control device according to claim 1, 
wherein said tilt angle adjusting means includes a 
liquid crystal panel having a plurality of regions ar- 
ranged in said optical system, and 

said drive means drives each of said plurality 
of regions of said liquid crystal panel in accordance 
with said tilt error signal. 

A tilt servo control device according to claim 3, 
wherein said tilt error signal generating means in- 
cludes a subtracter for computing a difference be- 
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tween said push-pull component signal and said 
reference signal. 

12. A tilt servo control method of an information record- 
ing/reproducing apparatus tor recording informa- 5 
tion on and reproducing information from an optical 
recording medium, said apparatus comprising an 
optical system for leading a laser beam emitted 
from a light source to a recording surface of the op- 
tical recording medium and a laser beam reflected 10 
by the recording surface of the recording medium 
to a split type photo detector and read signal gen- 
erating means for generating a read signal in ac- 
cordance with an output signal of the photo detec- 
tor, said method comprising the steps of: 15 



generating a push-pull component signal in- 
cluding a differential component of output sig- 
nals of respective split portions of said photo 
detector; 20 
generating a tilt error signal representing a tilt 
angle between a normal to the recording sur- 
face of said optical recording medium at a po- 
sition of said laser beam irradiating the record- 
ing surface and an optical axis of said laser 25 
beam based on said push-pull component sig- 
nal; and 

driving tilt angle adjusting means for adjusting 
said tilt angle so as to reduce said tilt error sig- 
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